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@ Norbornene polymers stabilized with hindered aromatic alcohols. 



(sy Mannich bases of hindered aromatic alcohols are in- 
corporated in polymeric norbornene materials to improve 
their resistance to oxidation. 
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N0RBORNENE POLYMERS STABILIZED WITH 
HINDERED AROMATIC ALCOHOLS' " - 

BACKGROOND OF THE INVENTION 
Preparation of norbornene monomers is well known. 
5 Dicyclopentadiene can be made by dimerizing cyclopenta- 
diene by a Diels-Alder reaction whereas dihydrodicyclo- 
pentadiene can be made by the Diels-Alder reaction of 
cyclopentadiene and eye lop entene . Norbornenes can also be 
prepared by the Di,elsrAlder reaction of cyclopentadiene 
10 with selected olefins ^ tp yield either norbornene or substi- 
tuted norbornenes. Tetracyclododecene compounds are by- 
products formed from the Diels ^Al& er reaction of cyclo- 
pentadiene and norbornenes. Symmetrical and unsynaa^iiicai" 
trimer s and ^e£j^^ be 
15 prepared by the Dieis-Md^ reacli cyclopentadiene . 

Norbornene polymeric materials , i.e. , those 
prepared, from monomers containing: a norbornene moiety , are 
well known. They can be prepared as elastomers, which are 
flexible at room temperature, or as plastics, which are 
20 rigid at room temperature. Although essentially all of 
the important physical properties of the norbornene 
polymeric materials are outstanding/ their resistance to 
oxidation is less than desired. It is , therefore , an 
object of this invention to stabilize norbornene polymeric 
25 materials against oxidative degradation. 

SUMMARY OF THE INVENTION 
This invention relates to a composition of 
matter which comprises a reaction product of a norbornene 
polymeric material and a sufficient amount of an anti- 
30 oxidant selected from hindered aromatic alcohols to 
improve resistance thereof to oxidation. 

DETAILED DESCRIPTION OF THE INVENTION 
Pursuant to the invention described and claimed 
herein, norbornene polymeric materials are treated with 
35 Mannich bases of aromatic alcohols in order to impart 
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antioxidant property to such materials. The Mannich bases 
will ialso be referred to herein as hindered aromatic 
alcbhols or hindered phenols. Although Mannich bases of 
aromatic alcohols have been used in the past with other 
5 polymeric materials to improve antioxidant property ; 

thereof , the extent of ii^rov^ent in polymeric norbornene 
materials treated with Mannich bases of aromatic alcohols 
was dramatic and totally unexpected. x 
The class of norbornene polymeric materials 
10 referred to herein includes homopolymer s and polymers of 
two or more of the monomers that contain the norbornene 
xooie ty ■> defined Structurally as follow 




Pursuant to this definition , norbornene. polymer ic materials 
15 include homopol^ and generally 

polymers of substituted and unsubk ti tuted norbornehes , 
dicyclopentadienes, dihydrodicyclopentadienes , and tetra- 
cyclbdodecenes. Norbornene polymeric materials can also 
have polymerized therein small amounts of non-nprbprnene 
20 monomers. 

Norbornene, or bicycloheptene-2 mpnpmers, which 
are included within the scope of this invention/ are 
defined as follows: 



R 




25 where each R, R , R , R and R can separately be hydrogen, 

alkyl or alkenyl group containing 1 to 20 carbon atoms, 

and where R and R can be joined to form an aryl group of 

6 to 18 carbon atoms or a cycloalkyl or cycloolef in group 

1 2 

of 5 to 6 carbon atoms. Preferably, R f R and R are 
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hydrogens and R and R are individually selected from 
hydrogen and alky 1 or alkenyl groups of 1 to 5 carbon 
atoms. The alkyl and alkenyl groups can be substituted 
with ester / nitrile , ; substituted and unsubstituted phenyl 
5 and halogen groups . Examples of such nprbornene jnonomer s 
include 2-nprbornene (where all Rs are hydrogens) 5- 
methyl-2-nprbornene, 6 rme IJay 1- 2 -nor bornene , 5, 6 dimethyl*- 
2-norbornene, 5-peiitadeGylr2-norborne , 5-ethy 1- 2-norbor- 
nene> 5^butyl-2-rnorbornene r 5-vinylr2-porborhene> , 5--, 
10 pr openy 1- 2-nor bor nene > and 5--but^yl- 2-norbornene . 

Dicyclopentadiene arid dihydrpdicyclopentadiene 
monomers have the following structural formulas; 




dicyclopentadiene; • 4ihydrpdicyplppentodi^ne 



where R, R and R are defined as above ahd there can be 

7 1 
up to three R groups which are defined as R . Tetra- 

cyclododecehe monomers arid symmetrical tfimers of cyclo- 

20 pehtadiene have the following respective structural 

f ormulais : 




where R, R 1 , R 2 . f R 3 f . ,R* and R are defined as above 
whereas R 5 and R 6 are individually selected from hydrogen , 
25 alkyl. and alkenyl groups of 1 to 20 carbon atoms, prefer- 
ably R 5 and R^ are hydrogens • 

Other monomers can be polymerized with norbornene- 
type monomers. Such other monomers include cyclopentene 
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and other monocyclic mono and diolefins. Amount of such 
monomers in the polymerization recipe can Vary up to 100 
parts by weight per 100 parts of the norbornene polymeric 
material r preferably 10 to 50 parts. 
5 Polymierization o£ the norbbirnieirie--^pe monomers 

is conducted in the presence of a catalyst mixtuire which 
comprises (a^ at leas ^ (b) 
at least one tungsten or molytdenuia salt br a mixture of 
tiiese salts* The orgahbalti^^ is utilized 

,0 in the. caMyst mixture carf ie either- k ;dilia;iide of the 
f ormula RMx^ or aiumiu^ 

R 3 Al 2 X 3 > wherein R is an alkyl radical cohi^iiiing f r om 1 
to about 12 carbon atoms , preferably about 2 to 4 carbon 
v atoms, and X is a 'halpgeh. :: : 
15 s :atoe of organo- 

ali^ 

J q . 6l mourner, 
arid 1i^m 

level of from aboiit 0 . tfoi tb a&ut^^ 

2Q of monomer mixture; The m6 lax r ^tib of or gahoaliim inum 
* halide to molybdenum ahd/br faingstbii "salt (s) is not ■ 
critical and may range frbia about 200:1 or iiiore tb about 
1:10 although a ratio" within the range; of from 4:1 to 
about 2:1 is preferred. ' • . : " 1 

25 in a preferred embodijaerit f the organoaluminum * 

halide and the salts of tiingsten ind molybdenum" are 
dissolved in a solvent" prior to incorporation into the 
monomer mixture. The addition of the cktalyst components 
as solutions facilitates the handling thereof "and also 

30 results in a brief induction period after addition to the 
monomer mixture which permits the addition of all of the 
components of the reaction mixture before substantial 
polymerization begins* The result is a tore uniform 
process control, and ultimately; reduced gel formation. 

35 Generally, the organoaluminum halide will be predissolved 
in the same hydrocarbon solvent as used for conducting the 
polymerization reaction. Thus, preferred solvents for the 
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organoaluminura halides are the aromatic solvents such as 
benzene, toluene, etc. 

The preferred solvents for the molybdenum and 
tungsten compounds comprise at least one alkylester of a 
5 saturated carboxylie or dicarboxylic acid- The concen- 
tration of the salts in the ester solvents may vary from 
as low as about 0.1 molar- Examples of tie preferred 
ester solvents include methyl formate , ethyl formate , 
methyl chlorof ormate, ethyl chlorof ormate, methyl acetate , 
10 ethyl acetate* n-propyl acetate , ethyl propionate and 
; dimethyl maloriate. Excellent results have been obtained 
with ethyl acetate. 

A polymerization activator may be used but is 
not generally required. Excellent activation is obtained 
15 by using air or a peroxide Or hydroperoxide, and especially 
vthe, organ^ ;:p^pxide.;f uch' 
actiyatpr may, be . added, at . any point in the changing pro- 
cedure,, but is more preferably added last. 

The molepular weight of the copolymers prepared 
20 in accordance with the prpcess of the invention can be 
controlled or modified when, the reaction is conducted in 
the presence of at least one non-conjugated acyclic olefin 
containing from two to about 12 carbon atoms and having at 
least one hydrogen on each double-bonded carbon atom. 
25 Examples of suitable compounds include the 1-olef ins such 
as 1-butene, 3-methyl-l-butene, 1-hekene; the 2-oiefins 
such as 2-pentene, 4-methy lr 2-pentene; 3-olefins such as 
5-ethyl^3-pctene; non-conjugated diolef ins such as 1,6- 
hexadiene; and non-conjugated triolefins such as 1,4- 
30 octatriene. The preferred non-conjugated acyclic olefins 
are the 1-olef ins of the type described above. It is 
believed that the acrylic olefins act as molecular weight 
modifiers which provide an easily workable and generally 
hydrocarbon-- s oluble polymer. 
35 . The non-conjugated acyclic olefin or a mixture 

of such olefins is used in a molar ratio of olefin to 
total monomer charge of from about 0.0001:1 to about 
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0*3:1. The non-conjugated acyclic olefins can be charged 
directly or in solution at any point in the charging 
procedure , hut it is preferred that the olefins be charged 
along with the monomers. ; ; 
5 The polymerization reaction can be performed as 

a batch or continuous process • The reaction mixture in 
the reaction vessel may be rcooled or heated to the polymer- 
ization temperature at the start of the additions or at 
any point during the addition of tJie y-ar jreactants • 
10 Polymerization tender a tores of from about r 80 °C to about 
10 0 °C are utilized although the reaqtion generally pr br 
ceeds satisfactorily at about room temperature. 

If desired, the polymerization reaction can be 
shorts topped by the addition^ of alcohQls r amines or 
15 cafbdxy lie acids such as ethanol, ,t-butyl phenol die thy 1- 

"-'amdjie'/ -acetic Vacid/ ;etc w^.u' . . : V " v. - • .- - : • 

■ r>:^ \ ' ')% :i- At ;the:/conclusibn of tile; polymerization .>•. 

reaction,- the copolymer product may be isolated by. any of 
the methods known in the art such ;as by direct drying 
20 under reduced pressure, by precipitation - or by steam or by 
stripping with hot water. The polymer is recovered and 
may be washed further and then dried. The copolymers of 
the invention are substantially gel-free, and generally 
are rigid plastics or glass-like at room temperature. 
25 When extended with an oil/ the copolymers behave as 
elastomers. 

The Mannich bases of; aromatic alcohols, 
especially pheijols and naphthols , ■ suitable for purposes 
herein include hindered, aromatic alcpho Is, such as, 
30 hindered phenols and hindered naphthols. The term 

"hindered" denotes that at least one position adjacent to 
the hydroxyl group, the ortho position, is substituted. 
Hindered phenols suitable for purposes herein are defined 
by the following structural formula: 



OH 



35 
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where there can be 1 to 5, preferably 2 to 3 R* groups on 
the phenyl ring each individually selected from alkyl, 
alkoxy, hydroxy 1 and hydroxyalkyl groups wherein the 
carbon chains contain 1 to 12, preferably 1 to 6, carbon 
5 atoms? and where at least one and up to three R 1 groups 

are selected from alkylaminoalkyl groups , i.e., 

2 3 2 3 

--CH 2 N (R ) (R ) / where R and R groups are individually 

selected from hydrogen and substituted and unsubstituted 

normal and branched alkyl groups containing 1 to 12, 

10 preferably 1 to 6, and more preferably 1 to 2 carbon 

2 3 

atoms, provided that not more than one of R and R 

2 3 

groups is hydrogen> and where R,R and N of the alkyl- 
aminoalkyl group form a heterocyclic ring containing 5 to 
7 atoms selected from carbon, oxygen, nitrogen and sulfur 
15 atoms, provided that the ralkyi^in or groups 

are located only brtho and/or para ;to the hydroxyl group 
/ on the phenyl ring. . "/ V - : :■ 

Bis compounds of the aforementioned Munich 
bases are also suitable as antioxidants for norbomene 
20 polymeric materials. Such bis compounds, are bridged 
through the nitrogen atom of the aminomethyl moiety by 
means of a chain of 2 to 12, preferably 2 to 6 carbon 
atoms, or by means of a heterocyclic structure containing 
5 to 7 atoms, 2 of which, preferably, are nitrogen atoms 
25 and 3 to 5 are carbon atoms • 

Also suitable as effective stabilizers for 
polymeric norbomene- type materials are Mannich bases of 
naphthols, which are defined similarly as the above 
Mannich bases of phenols. Although both of the phenyl 
30 groups in these naphthols can be substituted in a similar 
manner as the single phenyl group of the Mannich bases of 
phenols, preferably, each. phenyl group is unsubstituted. 
Mannich bases of naphthol are defined by the following 
structural formula: 
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where there can be up to six groups on the naphthol 
group , preferably up to 2, which are individually selected 
from hydrogen r alkyl, alkoxy, hydroxyl and hydroxyalkyl 
5 wherein the alkyl groups contain 1 to 12, preferably 1 to 
6 carbon atoms; and R and R are as defined above in 
connection with Mannich bases of phenols. In a more 
preferred embodiment, all R groups are hydrogens and R 
and R 3 are selected from alkyi groups of 1 to 4 carbon 

10 atoms. -V •.,'*.■," •' . . . ^. v ■ ■ 

: , In a preferred embodiment, the antio^dant is 
selected f^pm hindered phenols which have the following 
structural formula: 




15 

where there are three * R 1 groups on -the phenyl ring in the 
two ortho and the one para positions to the hydroxyl 
group, said R^* groups are individually selected from 
alkyl, alkoxy, and dialkylaminomethyl groups wherein said 

20 alkyl, alkoxy and the two alkyl groups in the diailkyl- 
aminomethy 1 groups each contain 1 to 6 carbon atoms , at 
least one of the R^ group being a dialkylaminomethyl 
group. In a more preferred embodiment, 1 to 2 R 1 groups 
are selected f rom dialkylaminomethyl groups positioned 

25 ortho to the hydroxyl group, the two alkyl groups of 
which individually contain 1 to 2 carbon atoms. 
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Specific examples of suitable Mannich bases of 
phenols and naphthols , are given in the accompanying 
examples - 

The Mannich reaction is well known and consists 
5 of condensation of ammonia or a primary or a secondary 
amine, with formaldehyde and a compound containing at 
least one reactive hydrogen atom, usually in the presence 
of an acid catalyst/ such at s hydrbcHlbric acid. The 
essential feature of the reaction is the replacem^t of 
10 the active hydrogen atom By an aminomethyl or substituted 
aiainome thy 1 group. The ortho and para hydrogens in phenols 
are sufficiently active to ehter into a ftahnich reaction . 
Products from phenol, 4-acei^iiaih6ph6nbI # ortho and para 

15 ethylphenol , 2- and 4 -m^l^oxypHenoi , bieta^naphthbl/ l and 8- 
hy^Q^guijioline with f ormaldehyde and di e thy lamlne or " 
piperidine or morphb line are well kiibvni. From ortho and 
para cresol, mono and disubstito 

obtained whereas from phenol and metacresol, trisubsti- 
20 tution products can be made. 4 

Mannich bases of phenols and naphthoic have been 
used as antioxidants in connection with other polymeric 
materials. To demonstrate relative effectiveness of the 
Mannich bases as antioxidants in other polymeric materials 
25 as compared to known commercial antioxidants r 0 . 68g of 
a Mannich base antioxidant was mixed with 68g of repre- 
cipitated SN rubber in a Brabender Plasticorder for 2 
minutes at 80°C. Mooney buttons were then made, aged at 
70 °C for 10 days and tested at 10 minute shearing time to 
30 determine retained Mooney viscosity. Two, controls con- 
taining BHT and AO 2246 had- retained viscosity of 96% and 
89 %, respectively, whereas Mannich base of phenol, which 
corresponds to compound 10 in the examples herein, had 
retained Mooney viscosity of only 58%; Mannich base of 
35 phenol, which corresponds to compound 9 in the examples 
herein, had retained Mooney viscosity of only 23%; and 
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Mannich base of naphthol, which corresponds to compound 6 
in the ^examples herein; had retained Mqoney viscosity of ^ 
75% . Two other .Mannich bases of phenols were tested which 
do not have . counterparts in the examples, herein alto 

5 they are very similar in structure to the tufted compounds. 
These, two compounds are identified below with the indi- 

, .. gated retained Mooney viscosity of SN rubber samples 

- containing same: 




18%- 



72% 



Based on the results presented above, it should be 
apparent that Mannich bases of phenols and naphthols in SN 
rubber perform considerably poorer than the conventional 
commercial stabilizers. 
15 Examples presented below illustrate the inven- 

tion claimed herein by demonstrating effectiveness of 
Mannich bases of phenols and naphthols as antioxidants in 
polymeric norbomene-type polymeric materials. 

E5CRMFSES 

20 A large number of the subject antioxidants (AO) 

were tested in polymeric norbornene material which was 
prepared by polymerizing 55 parts dicyclopentadiene and 
45 parts 5-methyl-2-norbornene. Samples were prepared by 
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casting a film from a toluene solution containing the 
norbornenie polymeric material aiid the antioxidant ; 
dissolved -therein. The film was cast by depositing the 
toluene solution on a M^lar sheet and evaporating toluene. 
5 Thickness of thet stabilized norborhene-type polymeric film 

was approximately 20 mils. Samples of the film were 
" placed in an air £ven ^^l'iit^in6d;-:at.- 70 °C and the darbony 1 
region of the infrared spectrum at 1630 cm r * was monitored 
for oxidative failure. Days of testing to develop . a fair 
10 amount of carbonyl is indicated as "Yes w and days of 

testing to failure or formation of a large carbonyl band 
is indicated as "Eafil^ in Table I, below: 

TABLE I 

AO Additive , 1 phr 
15 1. 2246 AO . 
. 2. BHT AO ' ^H-y.-- ; 

3. Ethyl 736 AO 

4. Goodrite 3125 AO 

5. Stalite S AO 



20 6. 




1* t-C 4 H 9 -^^p-t-C 4 H g 



Yes 


Fail 


5 


6 


5 


6 


5 


7 


8 


9 


5 


6 


28 


49 


27 


53 



8. 



CH 2 N(CH 2 CH 2 OH) 2 
OH 

t " C4H9 "0~ cv(CH3>2 128 >164 
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15 . (CH 3 ) 2 NCH 2 - 



0H 



3H 



•CH 2 N(CH3) 2 108 164 



t-C 4 H 9 



16. t-C 4 H g . 



' t - C 4 H 9 ; 
CH 3 - CH 3 



CH 0 NH-C-CH - -C-^-CH, 

2 I 2 ! 3 



15 



OH 



17. t-C 4 H g 




^3 ^3 
-NH-C-CH- -C-CS-i 

■■■V[\ CH 3 ■ •■ CH 3 ' 



t-C 4 H 9 



11 



OH 



18. (CH 3 ) 2 NC H 2 




H 2 N{GH 3 ) 2 



OCH, 



test 
>262 termin- 
ated 
without 
failure 



OH 




5 19. (n-C 4 H 9 ) 2 NCH 2 -^r^pCH 2 N(n-C 4 H 9 ) 2 13 59 



CH 2 N (n-C 4 H 9 ) 2 



OH 



20 . t - C 4 H 9-^)f CH 2 N (n - C 4 H 9> 2 



13 59 



CH- 



- 14 - 



0042589 



21. (n-C 4 H 9 ) 2 NCH 2 




31 



83 



At the -top of the above Table I, several commer- 
cial antioxidants are noted which were used as controls 
for comparison purposes. Film samples containing the 

5 commercial antioxidants were prepared in the same manner 
as the film samples containing Mannich bases of phenols 

. . ..^ 

■ cial antioxidants by name and structural formulas : 



10 1. 2246 



TABLE II ; ,v :' 

' OH :: :;-.--iOH 




2,2* -methyiene-bis- (4-methyl- 
6-t-butylphenol) 



2. BHT 



t-C 4 H 9 




t-C 4 H 9 



2 , 6-di- t-butyl-4-methylphenol 



t-C 4 H 9 



_^t-C 4 H 9 



15 3. Ethyl 736 



^-CH 



CH 



4 , 4 * -thio&is- (2-methyl-6-t- 
butylphenol) 
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* '4. Stalite S H i7 C 8 

4 , 4 1 -dioctyldiphenylamine 

A careful study of Table 1/ above, reveals that 
the commercial antioxidants developed a fair amount of 
5 carbonyl from 5 to 8 days and failed in 6 to 9 days. Of 
the Mannich bases of phenols and naphthols tested, the 
worst was No. 14, a Mannich base of a lower alkyl substi- 
tuted naphthol, which developed a fair amount of car bony 1 
in 5 days and failed in 7 days. This performance is 
10 about equivalent to the commercial antioxidants. Samples 
Which performed excellently are those which contained 
antioxidants No • s . 6 , 7, 8/ 9, 10, 11, 13, 15, 18/19, 20 
and 21. For this group, a fair amount of carbonyl was 
formed in a period ranging from 29 days to in excess of 
15 262 days and for most Of these materials, failure 

occurred in a period of time in excess of 49 days. Anti- 
oxidant 18 was truly exceptional and the test was termin- 
ated before failure after only a small amount of carbonyl 
had developed in 212 days. 
20 Antioxidant performance of Mannich bases of 

phenols and naphthols in norbornene polymeric materials 
is totally unexpected when compared to the performance of 
same and similar Mannich bases of phenols and naphthols 
in SN rubber, which is described above. 
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CI&TMS 

1. Composition of matter comprising a reaction 
product of norbornene polymeric material and an anti- 
oxidant in amount sufficient to provide the desired 
5 degree of protection from oxidation degradation, said 
antioxidant is selected from (A) hindered phenols , (B) 
bis compounds of said hindered phenols, (C) hindered 
.naphthbls, and. mixtures of said antioxidants, said 
hindered phenols are selected front compounds falling 
10 within the definition of the following structural formula 

OH 

* ; where there can be l:;to 5 - Rt;gpoups-on the phenol ring 

with at least one: R 1 group ppsitioned prtho to the 

hydrpxyl group on: said phenol ring, said R- group or 

15 groups are: individually selected from substituted and- 

unsubs ti tuted alkyl , alkoxy , hydroxyl , .and hydr oxyalky 1 

groups wherein carbon chains therein contain 1 to 12 

carbon atoms; said R^ group or groups are also indivi- 

2 3 

dually selected from alky laminoalkyl groups -CH 2 N(R ) (R ) 
20 where R and R groups are individually selected from, 
hydrogen,, and substituted and unsubsti tuted normal and 
branched alkyl groups of 1 to 12 carbon atoms and where 
r 2 , r 3 and N of said alky laminoalkyl groups form a hetero 
. cyclic ring containing 5 to 7 atoms selected from carbon, 
25 nitrogen, oxygen, and sulfur atoms; said bis compounds of 
said hindered phenols are bridged through the nitrogen 
atoms of said alkylaminoalkyl groups by a carbon chain 
containing 2 to 12 carbon atoms or by a heterocyclic 
structure of 5 to 7 atoms selected from carbon, nitrogen, 
30 oxygen, and suifur atoms; and said hindered naphthols are 
defined same as said hindered phenols, 

2. Composition of matter of Claim 1 where 
there are 2 to 3 R 1 groups on the phenyl ring wherein the 
carbon chain in said R 1 group or groups contains 1 to 6 
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2 3 

carbon atoms, said R and R groups contain 1 to 6 carbon 

2 3 

atoms, not more than one of R and R groups is hydrogen, 
said alkylaminoalkyl group or groups are located only 
or tho and/or para to the hydrbxyl group on said phenyl 
5 ring, said carbon chain in said bis comiJounds contain 2 
to 6 carbon atdiris , and said hindered naphthoic have the 
following sixuctural foirtnula: 




where there can be up to six R -groups on the naphthy 1 
10 group and R 1 , R 2 and R 3 are defined as in the case of 
hindered phenols. 

;: " H "3y Composition- of Claim 2 wherein said hetero- 
cyclic structure is 1 to 2 nitrogen atoms, 
one ^^geh atom, withtr^ainder being carbon atoms; and 
15 wherein at least one and up to three R 1 groups are 
" selected from alkylamine groups, v 

4. Composition of Claim 2 wherein R^ and R 3 

groups contain 1 to 2 carbon atoms, and substituents on 
* 1 2 3 

said R , R and R groups are selected from hydroxy 1 and 
20 carBoxyl groups. 

5. Composition of Claim 2 wherein said norbor- 
nene polymeric material is; selected from homopolymers and 
polymers of two or more monomers that contain the follow- 
ing norbomene moiety : 

'6. Composition of Claim 3 wherein said 
nqirbornene polymeric material is selected from homopolymers 
and polymers of two or more substituted and unsubstituted 
monomers selected from norbornenes, dicyclppentadienes , 
30 dihydrodibyclopentadienes , tetracyclododecenes, and 
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symmetrical and unsyinme tribal trimers and tetramers of 
cyclopentadiene wherein substituents on said monomers are 
selected from ester , riitrile, substituted and ^substituted 
phenyl, and halogen groups • 
5 7. composition of Claim 5 wherein said norbor- 

nene polymeric material contains polymerized therein 
additional monomers selected from monocyclic monoolef ins 
and diolef ins in amouiit of 10 to 50 parts by weight per 
100 parts of said norbornene polymeric material, and 
10 acyclic olefins containing 2 to 12 carbon atoms , amount 
of such additional monomers can vary from 0.0001 to 0.3 
moles per mole of total monomer charge. 

8. Composition of Claim 6 wherein said norbor- 
nene polymeric material contains polymerized therein 

15 additional monomers selected from monocyclic monoolef ins 
and didlef ins in amount of 10 to 50 parts by weight per 
100 parts of said norbornene polymeric material, and 
acyclic olefins containing 2 to 12 carbon atoms, amount 
of such additional monomers can vary from 0.0001 to 0.3 

20 moles per mole of total monomer charge. 

9. Composition of Claim 5 wherein said anti- 
oxidant is selected from hindered phenols falling within 
the following structural formula, and mixtures of such 
phenols: 



OH 



25 




where there are three R groups on the phenyl ring in the 
two ortho and the one para positions to the hydroxy 1 
group, said R 1 groups are selected from alky 1, alkoxy, 
hydroxyl, hydroxy alky 1 and dialkylaminomethyl groups 
30 wherein said alkyl, alkoxy, hydroxyalkyl and said two 
alkyl groups in said dialkylaminomethyl group each 
contain 1 to 6 carbon atoms, provided, however, that at 
least one R 1 group is a dialkylaminomethyl group. 
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10. Composition of Claim 9 wherein said two 
alkyl groups in said dialkylaminomethyl group contain 1. 
to 2 carbon atoms,, ana said acyclic olefins are selected 
from non-conjugated olefins. 

11. Composition of Claim 10 wherein said 
alkoxy group contains 1 to 2 carbon atoms and wherein 1 
to 2 R 1 groups are selected from dialkylaminomethyl 
groups which are positioned in the ortho position to the 
hydroxy 1 group. 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



0042589 

Application number 

EP 8.1 10 4672 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 



A. 



Citation of document wtth indication, where appropriate, of relevant 
passages * . - - 



US A - 4 028 416 (MICHAEL RO^IN 
et al.) " 

* Claims; column 1, lines 22-44 * 



FR - A ^ 2 366 329 (SHOWA DENKO) 
* Claims * 



US - A - 3 098 841 (RUPERT 
C. MORRIS et al.) 

* Claims \* 



US - A - 3 729 433 (NORMAN BILOW 
et al . ) - ■ " ■ 

* Claims * 



Relevant 
todaim 



The present search report has been drawn up tor all claims 



.CLASSIFICATION OF THE 
APPLICATION (int. CL*) 



C 08 L 65/00 
C 08 K 5/17 
C 08 K 5/13 



TECHNICAL FIELDS . 
SEARCHED OnLCL*) 



C 08 L 65/00 
C 08 K 5/13 
C 08 K 5/17 



CATEGORY OF 
CITED DOCUMENTS 



X: particularly relevant 

A: technological background 

O: non-written disclosure 

P: Intermediate document 

T: theory or principle underlying 

the Invention 
E: conflicting application 
D: document cited In the 

application 
U citation for other reasons 



&: member of the same patent 
family, 

corresponding document 



Place o! search 

The Hague 



EPO Form 1 503.1 00.78 



Date of completion of the search 

29-09-1981 



Examiner 

MALHERBE 



